and its deuterated one are measured in the infrared region. Both the specific molecular vibration mode 3 (a g ) of the BEDT-TTF molecule and the optical conductivity hump in the mid-infrared region change correlatively at T*=45-50K. The results suggest that the electron-molecular vibration FRXSOLQJ RQ WKH 3 (a g ) mode becomes weak due to the enhancement of the itinerant nature of the carriers on the BEDT-TTF dimers below T*. The present observations demonstrate that two different metallic states are regarded as a correlated good metal below T* and a half filling bad metal above T*. . Optical conductivity measurements are powerful tool for investigating the correlated electron system. In this paper, we report the systematic infrared (IR) reflectance LQYHVWLJDWLRQ RI -(BEDT-TTF) 2 Cu(NCS) 2 . We focus on the change of a specific molecular vibration PRGH 3 (a g ) and the broad conductivity peak in the mid-IR region. The detail of the experiments has been described elsewhere [5] . Figure 1 shows the optical conductivity in the frequency range near 1300 cm -1 of (a) the K\GURJHQDWHG DQG E GHXWHUDWHG -(BEDT-TTF) 2 Cu(NCS) 2 . The peaks around 1170 cm -1 and 1270 -1290 cm -1 in Fig. 1(a) have been assigned to the CH 2 motion of the BEDT-TTF molecule [6] . These modes are not seen in the deuterated sample shown in Fig. 1(b) . These vibrational modes do not change the frequency with temperature so much. On the other hand, the peaks at 1320-1330 cm -1 for E // b-axis and 1250-1270 cm -1 for E // c-axis at low temperature, which have been assigned to the 3 (a g ) mode, shift to higher frequency below about 45-50K in both the hydrogenated and deuterated samples although the broad peak position of the 3 (a g ) mode in the hydrogenated sample is difficult to be determined because of overlapping with the Fano-type antiresonance of the CH 2 vibrations. The characteristic temperature dependence of the SHDN IUHTXHQF\ IR RI WKH 3 (a g ) mode in the IR optical conductivity can be attributed to the change of the electronic states through the electronmolecular vibration (EMV) coupling [7] , because the same vibrational mode measured by the Raman VKLIW H[SHULPHQWV VKRZV RQO\ WKH PRQRWRQLF WHPSHUDWXUH GHSHQGHQFH RI WKH IUHTXHQF\ R from room temperature to 10K. 
$ VHULHV RI WKH -type BEDT-TTF organic superconductors has attracted considerable attention from the point of view of the strongly correlated Q2D electron system [1, 2] . The unconventional metallic, antiferromagnetic insulator and superconducting phases appear next to one another in the phase diagram [1] [2] [3] [4] . The transitions among these phases are controlled by the applied pressure, which must change the conduction bandwidth W with respect to the effective Coulomb repulsion U on a dimer. 7KXV WKH -(BEDT-TTF) 2 X family has been considered to be the band width controlled Mott system in comparison with the filling controlled one in the inorganic perovskites like as High-T c copper oxides. Recently anomalies in the metallic state of the superconducting salts at T*=38 K for X = Cu[N(CN) 2 ]Br and 45-50 K for X=Cu(NCS) 2 have been reported in several physical properties [3, 4] . The T* line seems to divide the metallic phase into unconventional metal with large antiferromagnetic spin fluctuation at T > T* and a metal with a possibility of the fluctuated density wave formation at T < T* [3] . Optical conductivity measurements are powerful tool for investigating the correlated electron system. In this paper, we report the systematic infrared (IR) reflectance LQYHVWLJDWLRQ RI -(BEDT-TTF) 2 Cu(NCS) 2 . We focus on the change of a specific molecular vibration PRGH 3 (a g ) and the broad conductivity peak in the mid-IR region. The detail of the experiments has been described elsewhere [5] . Figure 1 shows the optical conductivity in the frequency range near 1300 cm -1 of (a) the K\GURJHQDWHG DQG E GHXWHUDWHG -(BEDT-TTF) 2 Cu(NCS) 2 . The peaks around 1170 cm -1 and 1270 -1290 cm -1 in Fig. 1 (a) have been assigned to the CH 2 motion of the BEDT-TTF molecule [6] . These modes are not seen in the deuterated sample shown in Fig. 1(b) . These vibrational modes do not change the frequency with temperature so much. On the other hand, the peaks at 1320-1330 cm -1 for E // b-axis and 1250-1270 cm -1 for E // c-axis at low temperature, which have been assigned to the 3 (a g ) mode, shift to higher frequency below about 45-50K in both the hydrogenated and deuterated samples although the broad peak position of the 3 (a g ) mode in the hydrogenated sample is difficult to be determined because of overlapping with the Fano-type antiresonance of the CH 2 vibrations. The characteristic temperature dependence of the SHDN IUHTXHQF\ IR RI WKH 3 (a g ) mode in the IR optical conductivity can be attributed to the change of the electronic states through the electronmolecular vibration (EMV) coupling [7] , because the same vibrational mode measured by the Raman VKLIW H[SHULPHQWV VKRZV RQO\ WKH PRQRWRQLF WHPSHUDWXUH GHSHQGHQFH RI WKH IUHTXHQF\ R from room temperature to 10K. directions increase monotonically with decreasing temperature from room temperature. Then the frequency shifts to the higher frequency abruptly below 45-50K in both the polarization directions. This temperature corresponds to T* of -(BEDT-TTF) 2 Cu(NCS) 2 [3, 4] . These plots support that the anomalous frequHQF\ VKLIWV RI WKH 3 (a g ) mode at T* are caused by changing not the molecular vibration itself but the electronic states on the BEDT-TTF dimers through the EMV coupling. Large positive frequency shift from the bare phonon frequency below T* corresponds to the reduction of the EMV coupling. The small EMV coupling on the dimer system implies that the carriers tend to become more itinerant.
Figure 1. 7KH FRQGXFWLYLW\ VSHFWUD RI D WKH K\GURJHQDWHG DQG E GHXWHUDWHG -(BEDT-TTF) 2 Cu(NCS) 2 . (c)
The tempHUDWXUH GHSHQGHQFH RI WKH FRQGXFWLYLW\ SHDN IUHTXHQF\ RI WKH 3 (a g PRGH LQ -(BEDT-TTF) 2 X. [5] .
The EMV coupling reflects the intensity of the mid-IR band transition. The totally symmetric 3 (a g ) mode is not originally IR active. This mode can appear in the IR spectra by borrowing the intensity of the mid-IR band transition. Such mid-IR band transition should appear as a broad conductivity hump in the spectra. Such humps are observed at 3600 cm -1 for E // b-axis and 2200 cm -1 for E // c-axis. The intensity of the hump decreases below T*. The observation of such correlation EHWZHHQ WKH IUHTXHQF\ VKLIW RI WKH 3 (a g ) mode and mid-IR hump intensity, in other words, confirms that the origin of the hump is the mid-IR band transition. The mid-IR conductivity hump may be explained by the transition between the upper and lower Mott-Hubbard bands [2, 8] . In this scenario, above T* the system is expected to be the so- 
